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ABSTRACT
The oceanic lobate ctenophore Ocyropsis spp. has a widespread distribution throughout the
world’s tropical and sub-tropical oceans. While patchy, Ocyropsis spp. population densities are
known to exceed one individual per m3. Studies of coastal ctenophores have shown that some
species are capable of exerting strong predatory impacts on their ecosystems, but little is known
about the potential trophic impacts of their oceanic relatives. Many oceanic genera such as
Ocyropsis, Bolinopsis, and Eurhamphaea exhibit morphologies and prey capture mechanisms that
are different from the more well-studied coastal species. Thus, existing data on coastal taxa may
not apply to oceanic species due these major morphological and environmental differences. In this
study we used high-resolution videography and imaging methods to quantify interactions of
Ocyropsis spp. with natural copepod prey. We confirmed that Ocyropsis spp. uses a unique
combination of muscular lobe contraction and prehensile mouth to capture evasive prey. Mean
capture success on the first attempt was 61% when a single copepod was present and 0% when
multiple prey were present within the ctenophore lobes, but overall capture success was 71% and
81% in single and multiple copepod interactions, respectively. Gut content analysis showed that
Ocyropsis spp. consume significantly more prey at night, but prey items are smaller than during
daylight hours. We found that copepods are digested within 44 minutes and this duration did not
vary with ctenophore body length. Based on our findings, conservative estimates show that
Ocyropsis spp. are capable of consuming approximately 40% of the daily copepod standing stock
when at the high end of population densities observed in nature, and the low end of population
densities could consume 0.5% of standing stocks. Through a range of densities from 14 to 1000
v

individuals per 1000 m3, Ocyropsis spp. have the potential to consume approximately 0.27 to 19
mg C day-1 ind-1 while Kremer et al. (1986a) estimates that O. crystallina require only 0.63 mg C
day-1 to meet metabolic needs. This work suggests that when Ocyropsis spp. exist at high
population densities, they are capable of exerting top-down control on copepod populations and
may be acting to structure zooplankton communities in ways that few other oceanic species can.
However, because Ocyropsis spp. are more commonly observed at low to moderate densities, it is
more likely that they are meeting metabolic demands to grow and reproduce successfully, but do
not have a strong impact on zooplankton communities.

vi

INTRODUCTION
Gelatinous Zooplankton
Gelatinous zooplankton such as ctenophores, cnidarians, and pelagic tunicates are
ubiquitous across oceanic marine ecosystems but have been poorly studied compared to other
taxonomic groups such as phytoplankton, zooplankton, or even pelagic fishes. Traditional
sampling methods very often destroy delicate, soft-bodied organisms and the highly sensitive
nature of these animals makes it extremely difficult to keep them alive in captivity for a period of
time. Utilization of recent advances in in situ camera technology now allow undisturbed
observation of these animals and have reduced the need to keep them in captivity.
Oceanic gelatinous zooplankton have population densities and distributions that can vary
over one to two orders of magnitude over distances of only a few meters, but patches operate on a
scale ranging from approximately 25 to 200 m (Biggs et al. 1981). Within the waters of the
Atlantic, ctenophores have been found at densities of 0 to over 1,000 individuals per 1,000 m3
(Harbison et al. 1978; Biggs et al. 1981). Population patchiness is often attributed to variations in
large scale physical processes such as oceanic currents, latitudinal differences, and large-scale
temperature shifts mediated by climate change, as well as small scale processes like eddies,
viscosity, and turbulent diffusion (Biggs et al. 1981; Daly and Smith 1993). In patches where they
are abundant, ctenophores serve as important grazers on zooplankton (Dinasquet et al. 2012), and
they can contribute to the global carbon pump through deposition of oceanic carbon to the seafloor
through events known as ‘jelly falls’ (Luo et al. 2020). Such grazing is additionally effected by
diel vertical migration of many zooplankton species upwards in the water column at night
1

(Hutchinson 1967; Haney 1998). Considering the scale over which oceanic waters cover the
Earth’s surface and the ubiquity of many ctenophore species (Biggs et al. 1981) in these rapidly
changing surface waters affected by biological and physical factors (Daly and Smith 1993), it is
critically important to gain a better understanding of the trophic role oceanic gelatinous
zooplankton play in oceanic ecosystems.
Comparatively, much more is known about the feeding capabilities of coastal ctenophore
species due to ease of access, robustness in a laboratory setting, and consistently predictable
seasonal abundances in nearshore habitats. One of the most well studied species of gelatinous
zooplankton is the coastal lobate ctenophore, Mnemiopsis leidyi. Interest in the species increased
after their accidental introduction to the Black Sea in the early 1980s and the resulting impacts
on local ecosystems. In their native habitat, M. leidyi can consume up to 58% of the standing
stock of copepod prey daily, and populations are often kept in check by other gelatinous
zooplankton, such as Chrysaora quinquecirrha (Condon and Steinberg 2008) and Beroe ovata
(Finenko et al. 2003). Over a short period of time in the Black Sea, standing stocks of copepods,
polychaete larvae, cladocerans, and appendicularians were greatly reduced in response to
predation from M. leidyi (Shiganova et al. 2001). Similarly, in the Caspian Sea, M. leidyi were
found to have an 89% dietary overlap with the native anchovy populations and through
competition, drastically depleted their stocks throughout the region in less than three years after
their introduction (Darvishi et al. 2004). Predatory ability of M. leidyi has also been studied in
laboratory settings where they have exhibited up to a 90% prey capture efficiency (Costello et al.
1999). These examples show that coastal lobate ctenophores such as M. leidyi are capable of
exerting strong top-down control on their ecosystems, and their feeding capabilities and
mechanisms are extremely efficient.
2

Mnemiopsis leidyi are known to be efficient predators capable of digesting their prey
quickly in a range of temperatures. In temperate coastal waters, in situ observations of M. leidyi
found digestion times ranging from 15 minutes to 7 hours (Granhag et al. 2011), while digestion
times were as low as 14 to 30 minutes in sub-tropical waters (Rowshantabari et al. 2012).
Bolinopsis infundibulum, another lobate ctenophore, can digest 1-10 copepod prey in times
ranging from 18 minutes to over 3 hours in temperate waters (Martinussen and Båmstedt 1999).
Oceanic species such as Bolinopsis vitrea and Ocyropsis crystallina require approximately 104
and 252 prey items d-1, respectively, to simply meet basal metabolic needs (Kremer et al. 1986a).
Thus, rapid digestion of prey is important because it allows ctenophores to continually forage for
more food, in order to meet metabolic requirements and provide material for growth and
reproduction.
Ctenophore feeding mechanisms consist of one or all of the following: sticky colloblasts
cells on tentillae of tentacles, large mucus covered lobes, and/or feeding currents to capture prey
(Matsumoto and Harbison 1993; Colin et al. 2010). Different combinations of these feeding
mechanisms allow predators to forage for a variety of hydrodynamically sensitive, fast-escaping
prey, most of which are calanoid copepods, and they can often trap multiple prey items
simultaneously (Matsumoto and Harbison 1993). For example, M. leidyi forage with their oral
lobes open and use colloblasts-covered tentillae and an auricular feeding current to trap prey that
enter the space between the lobes (Colin et al. 2010). Other lobate ctenophores, Bolinopsis spp.,
forage similarly to M. leidyi, but rely more heavily on mucus-covered oral lobes to capture prey
(Matsumoto and Harbison 1993). Tentaculate feeders, such as cydippid ctenophore
Pleurobrachia, hunt passively for small copepods with a net of tentilla that extend from one or
two long tentacles in front of their bodies (Haddock 2007). Ctenophores in the Order Cestida
3

have a ribbon or wing-like body shape and forage oral edge first. The aboral edge of the body is
lined with colloblasts-covered tentilla that capture prey without interrupting the foraging process
(Matsumoto and Harbison 1993). While some of the prey capture mechanisms are known for
general oceanic forms, this information often comes from just a few qualitative, visual
observations from divers. Thus, current literature lacks much of the critical information on
predator-prey parameters needed to form a quantifiable framework to begin assessing the trophic
impact these species may have in oceanic waters.

Figure 1: Anatomically labeled Ocyropsis crystallina specimen. Excluding pigment spots, all
features noted here are identical in all species of Ocyropsidae.
One of the most commonly encountered oceanic ctenophores globally are members of the
family Ocyropsidae. These animals are rather unique amongst ctenophores. They lack tentillae
and colloblasts, the primary capture surfaces of other species (Matsumoto and Harbison 1993).
4

Instead, Ocyropsis spp. depend primarily on large muscular lobes and a prehensile mouth to
capture prey in a manner that is more active than other taxa (Matsumoto and Harbison 1993).
This more active feeding mechanism causes a brief interruption in foraging, but qualitative
observations in situ suggest that it allows them to capture larger and more active prey than other
lobate species (Harbison et al. 1978). Prey capture involves hydrodynamic detection of prey
movements or direct contact with an inner lobe and an instantaneous contraction of the oral lobe
at the contact point where the prehensile mouth reaches to collect the prey for ingestion
(Matsumoto and Harbison 1993). This feeding interaction is considered more direct than those
observed in ctenophore species that capture prey using tentacles and/or colloblasts (Matsumoto
and Harbison 1993).
Ocyropsis spp. typically propel themselves horizontally through the water with ctene
rows at consistent speeds around 14 mm s-1, but they are also capable of a unique rapid escape
response that involves flapping their oral lobes in a manner similar to the swimming of a clam
(Matsumoto and Harbison 1993). Individuals have been observed escape swimming at speeds of
125 mm s-1 (Gemmell et al. 2019) and can do so for an average of 1 to 6 flaps (Matsumoto and
Harbison 1993). Their preferred prey, copepods, execute a different swimming behavior. Many
copepods species move through the water in a ‘hop and sink’ pattern, and individuals of the
Acartia genus have been observed making escape hops at speeds of 500 mm s-1 (Buskey et al.
2002). In situ observations of Ocyropsis spp. predation behavior involving lobe and mouth
movement have been described as “extremely rapid” regardless of swimming or hop speed
(Matsumoto and Harbison 1993).
The rapid feeding technique described above sustains Ocyropsis spp. in waters with low
prey density which often characterize tropical and subtropical oceanic waters. Oceanic copepod
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densities off the coast of southeastern Florida have been observed ranging from 1,600 to 160,000
individuals per 1,000 m3 (Ortner et al. 1981; Ashjian and Wishner 1993; Bostock 2010), while
coastal prey densities can reach 100,000 to 300,000 individuals per 1,000 m3 (Bostock 2010).
Ocyropsis spp. themselves have patchy distributions, and have been observed at densities
ranging from 0 to 1,000 individuals per 1,000 m3 (Harbison et al. 1978; Matsumoto and Harbison
1993). The potential for such high densities of predators with rapid feeding behavior suggest that
Ocyropsis spp. have the potential to exert a strong top-down impact on oceanic copepod stocks
in some regions, though this impact would likely not operate uniformly across patches.
There is currently a lack of data quantifying the capture efficiency, kinematics of
predator-prey interactions, prey handling, gut fullness/number of prey per ctenophore gut in situ,
and digestion time of Ocyropsis spp. Without such data, it is difficult to assess the potential
trophic impact of these ubiquitous (and often abundant) oceanic ctenophores. Thus, the goal of
this study is to quantify metrics that allow a comparison to the more well-studied coastal
ctenophores and compare the potential trophic impacts.

Sampling Methodology: Old versus New
Studying oceanic ctenophores has previously been difficult because sampling methods
that have worked for other marine species simply do not work for gelatinous organisms. Typical
zooplankton net sampling is not appropriate for delicate gelatinous animals that are damaged or
destroyed during towing (Purcell 2009). Alternatively, hand collection by divers is more
appropriate for delicate species, but keeping them alive and undamaged in transit to laboratories
has proven nearly impossible. To remedy this problem and decrease transit time, use of
temporary lab setups at or near collection sites alleviates some of the stressors of studying these
6

animals. Previous studies of gelatinous zooplankton using adapted tank systems that minimize
contact between specimen and surfaces have provided much of the data available so far (e.g.
(Raskoff et al. 2003). However, despite advances in sampling methodology and tank systems for
laboratory studies, in situ observation of these animals are still required to assess many
parameters and to fully understanding their biology and ecology. Underwater photography
sampling of gelatinous zooplankton via blue-water diving has been employed since the 1970s
(Hamner et al. 1975). However, only recently have technological advances provided tools for in
situ blue-water diving that permits sustained observation of undisturbed animals, as well as the
imaging resolution to quantify gut contents. Thus, parts of the present study were conducted in
situ to collect non-intrusive observations of Ocyropsis spp. predation.

Research Goals & Hypotheses
The purpose of this study is to quantify details of predator-prey interactions of Ocyropsis
spp. using high resolution videography and photography with a combination of laboratory and in
situ observations. These data are then used to assess the trophic impact of Ocyropsis spp. in
tropical and sub-tropical oceanic waters, and we predict that at moderate to high natural
densities, Ocyropsis spp. are capable of exerting top-down control over oceanic zooplankton
stocks. Understanding the basic trophic impacts of these globally abundant ctenophores can help
build a better understanding of planktonic ecosystems in the open ocean.

Hypotheses:
1. Predator-prey interactions
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a. A lack of sticky tentillae and colloblasts and reliance on directly grabbing evasive
copepods with the mouth will result in lower capture rates compared to other
lobate taxa.
b. The capture success rate and handling time will decrease if the ctenophore must
handle multiple copepods between the lobes simultaneously.
2. Gut content analysis
a. Ctenophores will consume more prey biomass at night, with individuals
consuming prey biomass proportionally to their size (greater number of prey for
larger individuals).
3. Digestion Time
a. Larger individuals will have a faster digestion time than smaller individuals.
b. More prey items in guts will slow digestion time in both large and small
individuals.
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METHODS
Predator-Prey Interactions
Animals were collected by hand via SCUBA using 1 L jars and transported back to the
temporary laboratory for observations. In situ imaging of Ocyropsis spp. was made via bluewater and black-water SCUBA diving in the western edge of the Gulf Stream, 5 to 8 km off the
coast of West Palm Beach, Florida (26⁰ 43’ 93” N, 79⁰ 59’ 15” W) (Figure 2). On all dives,
Ocyropsis spp. were found at depths of 3-15 m, and all imaging and collection took place within
this range (Figure 2).

Figure 2: Depth map of southeastern Florida coast adapted from Florida Fish and Wildlife
Conservation Commission Bathymetry Contours Southeast United States
https://geodata.myfwc.com/datasets/0f0270271a7f4ab0b2c43c8e8bd984c3/explore?location=26.
708499%2C-79.942134%2C11.00. Depths correspond to the contour immediately to the left, red
box shows field research area.
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Ctenophores from the field were held at a constant temperature of 25⁰C and filmed within
12 hours of collection. Plankton for predator-prey interactions were collected at night from the
Riviera Beach City Marina in West Palm Beach, FL which opens directly to the Atlantic Ocean
and receives oceanic water from the Gulf Stream. A 30 cm diameter, 150 µm mesh plankton net
was used to collect plankton at a depth of 0 to 1 m, which were roughly sorted to extract
copepods using source illumination. Individual ctenophores were gently placed into a 4 L filming
vessel with temperature-matched sea water collected offshore for observation with prey. A Sony
AX100 camera with brightfield illumination recording in 4K resolution at 30 fps was used to
record observations. After a 10 minute acclimation time, video recording commenced and
copepods were added to the tank using a wide-bore pipette.
Interactions between ctenophores and copepods were noted within the footage, and an
interaction was defined as an encounter in which a ctenophore physically responded to
hydrodynamic stimulus from a copepod. Two types of interactions were quantified: those in
which the ctenophore predator pursued only one copepod (single copepod interaction) and those
in which multiple copepods were present between the lobes at one time (multiple copepod
interaction). For single copepod interactions, movement of the copepod and the ctenophore
mouth were tracked and analyzed separately. Handling time of single copepod interactions was
defined as the time in seconds from the initial response to stimulus from a prey item to either
prey ingestion or prey escape and a return of the mouth to the initial resting position (Figure 1).
Overall success rate was defined as a 1 for interactions in which at least one copepod was
consumed and 0 for interactions in which the copepod escaped. The number of attempts – rapid
jabs of the mouth towards a prey item– within each interaction was noted, and the capture
success rate on the first attempt was recorded.
10

All video sequences of ctenophore feeding were converted to image stacks. Image stacks
of predation events were imported to ImageJ for frame-by-frame tracking of both copepod and
ctenophore mouth movement. Tracking data points were used to calculate the average speed,
maximum speed, and total displacement of the copepods and ctenophore mouth, handling time,
overall success rate, the number of predation attempts made by the ctenophore, and the capture
success rate on the first attempt.
For multiple copepod interactions, handling time was defined as the time in seconds from
the initial response to stimulus from a copepod to either prey escape and a return of the mouth to
the initial resting position or a completion of multiple continuous attempts to capture one or
multiple prey. In the latter case, handling time was considered complete when a copepod was
ingested. The number of copepods involved at the start of the interaction was noted and only the
movement of the ctenophore mouth was tracked and analyzed due to the high frequency of some
copepods to become obscured or move out of focus. Overall success rate, number of attempts,
and capture success rate on the first attempt were recorded.
Data for single copepod interactions violated assumptions of normality, so nonparametric Spearman’s Rank correlation tests were used to determine whether there were
significant relationships between number of attempts made per interaction and capture success
rate, handling time, total copepod displacement, and total mouth displacement. To meet the
assumptions of normality for handling time data of single copepod interactions, log transformed
linear regressions were used to compare and display relationships between handling time and
both displacement of copepod prey and ctenophore mouth. Handling time and attempts data from
multiple copepod interactions also violated the assumptions of normality, so Spearman’s Rank
correlation tests were used to identify significant correlations between attempts and capture
11

success rate, handling time, and total mouth displacement. A linear regression of handling time
and total mouth displacement data from multiple copepod interactions required a log, log
transformation to meet assumptions of normality. Welch’s two sample t-tests were used to
compare handling times, total mouth displacement, and average mouth speed between the two
types of interactions. Mann-Whitney U tests were used to compare data for mean capture success
rates and number of attempts between single and multiple copepod interactions. Lastly, because
the majority of these data were non-parametric, mean and median values were reported as
measures of central tendency.

Gut Content Analysis
High resolution still photographs (36.3 Megapixels) focusing on gut contents were taken
on 40 to 120-minute drift dives using a Nikon D810 DSLR camera with a Nikon AF MicroNIKKOR 60mm f/2.8D lens and Nauticam D800 housing. Illumination was provided by two
Ikelite DS161 strobes and two FixNeo 1500 lumen spotting lights.
Still images and high-resolution video frames showing a clear view of the gut were used
to obtain in situ gut contents. Ctenophore body lengths were visually estimated by blackwater
SCUBA divers or measured in ImageJ using scales included in daytime video footage. Number
of prey items inside the gut, average prey item length, total prey biomass, and percent gut
fullness were measured. Biomass of individual prey items was calculated by assuming a
cylindrical body shape and extracting each individual prey’s volume. Then, assuming each prey
item had the approximate density of seawater – a conservative estimate given they are slightly
negatively buoyant –biomass was calculated. Mann-Whitney U tests were used to compare mean
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number of prey, average prey length, total prey biomass, and gut fullness from daytime and
nighttime gut content analyses as the data were not normally distributed.
An Analysis of Covariance (ANCOVA) was used to determine whether the length of an
individual ctenophore acted as a covariant with time of day to affect percent gut fullness. Linear
regressions were used to compare relationships between ctenophore body length and total prey
biomass, average prey length, percent gut fullness, and number of prey per gut. Again, because
data were not normally distributed, the linear regression comparing body length and total prey
biomass was log, log transformed.

Digestion Time
Individuals of Ocyropsis spp. collected from the field in 1 L containers were held in the
same containers, unfed, for 12 hours at a temperature of 25⁰ C. Copepods collected from the
Riviera Beach City Marina in West Palm Beach, FL were used to feed individuals for these
measurements. Individual ctenophores were placed into a petri dish with natural sea water and
offered copepods from the genera Acartia, Oncaea, and Microsetella. Digestion time
observations began immediately following ingestion of one or more copepods and continued
every two minutes until digestion was complete. High resolution images of the gut were also
made for several individual ctenophores using a Nikon 750 DLSR camera attached to a Motic
SMZ-171 stereo microscope. Lobe length and length from the start of the mouth to the aboral
organ were measured on each individual before filming began. Complete digestion was defined
as the time at which the only visible remains of the copepod prey were chitinous structures.
Linear regressions were used to test for causal relationships between digestion time and physical
ctenophore traits including ctenophore body length and number of prey within the gut.
13

Plankton Sampling
Two samples were collected using a 30 cm diameter, 150 µm mesh plankton net. The net
was towed just below the surface (approximately 0-1 m) for 2-3 minutes at a speed of 2 knots,
and time at which the net was taken out of the water was recorded. Discrete samples were
collected during both day and night, during which, a total of approximately 11.8 and 10.8 m3 of
water was filtered, respectively. After collection, the samples were immediately fixed with 70%
ethanol. Three sub-samples of 1 mL were taken from the night sample and three sub-samples of
2 mL were taken from the day sample using a Hensen-Stempel Pipette, while mixing the sample
to avoid settling of larger, denser objects. Copepod densities were recorded through individual
counts using a Motic SMZ-171 stereo microscope at 4-5X magnification. The quantified subsamples were then extrapolated to provide an estimate of in situ plankton densities per cubic
meter.

Predation Rate and Trophic Impacts
Predation rates were calculated using high and low-end estimates of Ocyropsis spp.
density from Harbison et al. (1978) and the following formula from Pagès et al. (1996): 𝐼𝐼 = 𝑀𝑀 ∗
𝐶𝐶

1

� � ∗ � � ∗ 24. M is the number of ctenophores per m3, C is the total number of copepods
𝑀𝑀𝑒𝑒

𝐷𝐷

found in guts of the ctenophores observed, Me is the number of ctenophores observed, D is the
digestion time in hours, and I is the number of copepods ingested per m3 d-1 (Pagès et al. 1996).
Potential consumption rate was calculated by dividing the predation rate of one ctenophore by
the low-end copepod standing stock value from the daytime net tow. An estimate from Kremer et
al. (1986b) of carbon content of tropical copepod species (2.5 µg/copepod) was multiplied by the
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total biomass of copepods consumed by one ctenophore in one day to calculate how much
carbon is ingested per Ocyropsis spp. every 24 hours.

15

RESULTS
Description of the Interaction
Prior to sensing copepod prey, ctenophores were typically observed hovering or slowly
cruising with aboral end up, lobes outstretched and auricle cilia beating in a relaxed position
(Figure 1). Ctenophores responded to hydrodynamic signals of a swimming copepod between the
lobes by folding or contracting the lobe around the position of the copepod. This action either
trapped the copepod so that it could no longer move or cut off possible escape paths, thereby
isolating the copepod to a small area of the lobe(s), while the dexterous mouth instantly began
searching for the prey (Figure 3). As the mouth continued to seek out the copepod, the point at
which the lobe folded or contracted often moved closer to the mouth. Some interactions involved
a direct transfer of the immobilized copepod into the mouth. For interactions where the lobe
contraction only isolated the copepod to a smaller space within the lobe(s), the mouth often
moved in that direction to the extent of its reach and opened, stretched, and changed shape
somewhat randomly until the copepod was consumed or eventually escaped. After successful
ingestion of a copepod or an unsuccessful “chasing” event, the ctenophore would relax any
contraction in the lobes and the mouth would slowly return to the initial resting position.

Single Copepod interactions
A total of 35 interactions between a single ctenophore and a single copepod prey were
assessed for handling time and capture success. Average handling time for natural copepod prey
was 6.34 s (S.D. 4.49), and median handling time was 4.56 s (Table 1). The average capture
16

success rate on the first attempt was 60.9% (S.D. 45.2) while the overall success rate (success
after all attempts combined) was 71.4% (S.D. 45.8) (Table 1).

Figure 3: Example of 2-dimensional displacements of both copepod and ctenophore mouth for
two interactions. Arrows indicate ending points. A) copepod escape, interaction lasted 6.7 s, B)
copepod capture, interaction lasted 3.7 s. Axes have been adjusted to better display details of the
interaction. C) sequential images displaying the interaction in part B. Yellow dots show copepod
location, red curve in the final photo outlines the edge of mouth to show that the copepod has
been consumed. Scale bar in first image represents 5 mm.
A Spearman’s Rank Correlation test found a significant negative correlation between
number of attempts made during an interaction and capture success rate (Spearman, p=0.02,
n=35) and a significant positive correlation between number of attempts and the following
parameters: handling time (Spearman, p=0.03, n=35), total copepod displacement (Spearman,
p=0.02, n=35), and total mouth displacement (Spearman, p<0.01, n=35) (Figure 4). The
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maximum number of attempts made in any of the single copepod interactions was three attempts,
mean number of attempts was 1.34 (S.D. 0.68), and median number of attempts was 1 (Figure 4,
Table 1). These correlations showed that if the first attempt was not successful, chance of capture
decreased by half and capture required more time and in turn, less time spent foraging.
There was a significant positive linear relationship between handling time and total
copepod displacement (linear regression, p<0.01, n=35) and handling time and total mouth
displacement (linear regression, p<0.01, n=35) (Figure 5). Longer interactions resulted in more
movement of both the predator and prey, as well as led to more attempts made by the mouth
(Figure 5, 4B). Thus, there was a significant positive linear relationship between total mouth
displacement and total copepod displacement (linear regression, p<0.01, r2=0.49, n=35). Two
sample t-tests found significant differences between the handling times of single and multiple
copepod interactions (t-test, p<0.01, n=56) and total mouth displacement of both types of
interactions (t-test, p<0.01, n=56) (Table 1). Handling time and displacement of the mouth were
significantly lower in single copepod interactions than in multiple copepod interactions (t-test,
p<0.01, n=56; t-test, p<0.01, n=56) (Table 1). Ctenophores did not capture any prey on the first
attempt in multiple copepod interactions, so the average capture success rate of single copepod
interactions, 60.9% (S.D. 45.2), showed that fewer attempts were needed when only one prey
item was present (Mann-Whitney: p<0.01, n=56).
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Figure 4: Plots show the relationship between number of attempts made in one interaction and A)
capture success rate (only one interaction contained three attempts) (p=0.02, rho=-0.38), B)
handling time (p=0.03, rho=0.37), C) total copepod displacement (p=0.02, rho=0.38), and D)
total mouth displacement (p<0.01, rho=0.46). Thick horizontal lines within each box show
median values, vertical lines on either side of each box show standard error, dots represent
outliers.
Multiple Copepod interactions
A total of 21 interactions were analyzed where multiple copepods were present between
the lobes during a predation event. Mean handling time was 16.4 s (S.D. 9.37), and median
handling time was 13.5 s (Table 1). The average number of copepods in an interaction was 8
(S.D. 6). Here, the capture success rate on the first attempt was 0%, while the overall success rate
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was 80.9% (S.D. 40.2) during a predation event (Table 1). Despite no interactions resulting in
capture on the first attempt, having multiple copepods present at one time increased the
likelihood of at least one capture overall by 9.5%. The average mouth speed was 5.58 mm-1 (S.D.
1.94) (median: 6.05 mm-1), which was not significantly different from average mouth speed of
single copepod interactions (5.83 mm-1 (S.D. 1.68)) (median: 5.98 mm-1) (t-test, p=0.627, n=56)
(Table 1). Maximum mouth speed was also not significantly different between the two types of
interaction (t-test, p=0.76, n=56).

Figure 5: Linear regressions of single copepod interaction data showing significant relationships
between handling time and A) total copepod displacement (p<0.01, r2=0.49) and B) total mouth
displacement (p<0.01, r2=0.84). Statistical calculations were performed using log
transformations, but data are shown with no transformations. Grey shaded region shows 95%
confidence interval.

20

Figure 6: Plots showing the relationship between number of attempts taken in one interaction and
A) capture success rate (p=0.06, rho=-0.42); values on the x-axis without error bars represent a
number of attempts that was seen in only one interaction, B) handling time (p=0.02, rho=0.50),
and C) total mouth displacement (p=0.31, rho=0.23). Thick horizontal lines within each box
show median values, vertical lines on either side of each box show standard error, dots represent
outliers.
The mean number of predation attempts made by Ocyropsis when multiple prey items
were present between the lobes (3.24 attempts (S.D. 1.58)) was greater than when only a single
individual was present (1.34 attempts (S.D. 0.68)) (Mann-Whitney, p<0.01, n=56). There was no
significant correlation between number of attempts made and capture success rate (Spearman,
p=0.06, n=21) (Figure 6A). Unlike single copepod interactions, the number of attempts made
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within one interaction did not correlate with displacement of the mouth (Spearman, p=0.31,
n=21) (Figure 6C). Some interactions involved many attempts that were small movements
targeted in one concentrated area, while others involved sequential attempts in which the mouth
moved from one side of the lobes to the other. There was a significant positive correlation
between attempts made and handling time (Spearman, p=0.02, n=21) (Figure 6B). No
interactions resulted in prey capture on the first attempt. Additionally, there was a significant
positive linear relationship between total mouth displacement and handling time (linear
regression, p<0.01, n=21) (Figure 7).

Figure 7: Linear regression of multiple copepod interaction data showing a significant
relationship between handling time and total mouth displacement (p<0.01, r2=0.47). Grey shaded
region shows 95% confidence interval. Statistical calculations were performed using a log, log
transformation. Data in figure are shown without transformations.
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Table 1: Mean (S.D.) and median values for parameters measured in both single and multiple
copepod interactions.

Single
Copepod
Interactions

Mean
(S.D.)

N
Interactions

Handling
Time
(sec)

Attempts

Overall
Success
Rate
(%)

Capture
Success
Rate
(%)

Total Mouth
Displacement
(mm)

Average
Mouth
Speed
(mm-1)

Maximum
Mouth
Speed
(mm-1)

35

6.34
(4.49)

1.34
(0.68)

71.4
(45.8)

60.9
(45.2)

36.1
(22.5)

5.83
(1.68)

38.8
(40.0)

4.56

1

1

1

29.8

5.98

31.94

16.4
(9.37)

3.24
(1.58)

80.9
(40.2)

0.00

111.0
(71.8)

5.58
(1.94)

36.3
(21.7)

13.5

3

0

1

94.2

6.05

32.96

Median
Multiple
Copepod
Interactions

Mean
(S.D.)
Median
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Gut Content and Plankton Tow Assessment
Mann-Whitney U tests were used to compare gut content parameters due to non-normal
distribution. Because prey within guts were in different states of digestion, it was not possible to
identify their genera or species. Nighttime sampling showed significantly more prey items
present in guts (Mann-Whitney, p=0.03, n=44). Prey were significantly smaller (Mann-Whitney,
p=0.02, n=44) and ctenophores had significantly higher gut fullness (Mann-Whitney, p<0.01,
n=44) at night (Figure 8A, B, C). While the aforementioned parameters differed, there was no
significant difference of biomass per gut between day and night (Mann-Whitney, p=0.92, n=44)
(Figure 8D).
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Figure 8: Boxplots showing differences between guts measured during day (D) and night (N) and
A) number of prey per gut (p=0.03, U=148), B) average prey length (p=0.02, U=334) C) percent
gut fullness, log transformed (p<0.01, U=93), and D) total prey biomass per gut, log transformed
(p=0.92, U=245). Thick horizontal lines within each box show median values, vertical lines on
either side of each box show standard error, dots represent outliers.
Ctenophore body length was compared to total prey biomass, average prey length,
percent gut fullness, and number of prey per gut using linear regressions. The only significant
relationship found was a positive logarithmic relationship between ctenophore body length and
total prey biomass (logarithmic regression, p<0.01, n= 44) (Figure 9). ANCOVA testing for
covariation of time of day and ctenophore size on percent gut fullness showed that the interaction
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between time of day and ctenophore length was not significant (ANCOVA, F = 0.62, df = 1, 40,
p = 0.43).

Figure 9: Logarithmic regressions showing a significant relationship between ctenophore length
and total prey biomass in the gut (p<0.01, r2=0.57). Grey shaded region shows 95% confidence
interval. Two outliers were removed from the plot for visualization purposes only.
Plankton tows were taken at 0-1 m depth as that was the most feasible option given the
time and resources available during dive trips. Data from day and night tows are shown in Table
2. The top three most abundant genera from the daytime tow were Parvocalanus (43.3%),
Paracalanus (17.4%), and Corycaeus (11.2%). At night, Parvocalanus was again the most
abundant species (48.1%), followed by Oithona and Paracalanus at 9.6% and 9.1%,
respectively. Copepod species > 1mm in length on average made up 28.6% of the zooplankton in
daytime samples and 9.1% of the zooplankton population at night (Johnson and Allen 2005).
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Table 2: Estimates of number of each species found in situ and their proportions of the total
copepod population. All species observed were found in both day and night samples.
Day
Night
Number per
Proportion of
Number per
Proportion of
3
3
Genus
m
Total (%)
m
Total (%)
Acartia
30
3.18
82
5.23
Calanus
38
4.03
79
5.05
Pseudocalanus
9
0.95
8
0.52
Parvocalanus
412
43.27
751
48.08
Paracalanus
166
17.39
142
9.06
Labidocera
6
0.64
12
0.78
Temora
6
0.64
19
1.22
Oithona
34
3.61
150
9.58
Halicyclops
12
1.27
8
0.52
Oncaea
51
5.30
93
5.92
Corycaeus
107
11.24
68
4.36
Macro/Microsetella
6
0.64
12
0.78
nauplii
75
7.85
139
8.89
Total
953
1563
Digestion Time
Ocyropsis spp. individuals observed under a microscope showed that copepod prey
moved to the bottom of the gut within the first 10 to 15 minutes and were then digested one or
multiple at a time (Figure 10). The average time for complete digestion of all prey in the gut at
an ambient temperature of 25⁰ C was 44.19 min (S.D. 10.45) (n=14). Ctenophore body length,
which ranged from 9 to 25 mm, did not significantly affect digestion time (linear regression,
p=0.85, n=14). The number of prey in a ctenophore gut also did not affect digestion time (linear
regression, p=0.26, n=14).
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Figure 10: Sequential images displaying complete digestion to chitinous copepod skeletons in an
Ocyropsis spp. individual. Scale bar in first image represents 5 mm.
Table 3: Predation impact estimates for high and low-end Ocyropsis spp. densities .
Ocyropsis spp.
Predation Rate
Predation Effect
Carbon Ingestion
Density
(n copepods
(% of daily copepod standing
(mg C/d)
(n/1000 m3)
ingested/m3/d)
stock consumed)
1000
629
40.2
19.2
14
9
0.56
0.27

Predation Rate and Trophic Impacts
Ocyropsis spp. predation rate was calculated using the formula from Pagès et al. (1996)
which assumed a constant digestion time over 24 hours. A high-end density of 1000 individuals
per 1000 m3 could potentially consume 629 copepods m-1 d-1, while at low-end densities of 14
individuals per 1000 m3, ingestion rate was 9 copepods m-1 d-1 (Table 3). A conservative
estimate of predation effect was calculated using the high-end standing stock estimates from the
plankton samples (the night sample, Table 2), and a density of 1000 Ocyropsis spp. per 1000 m3
could potentially consume approximately 40.2% of the daily copepod standing stock while the
low-end density of 14 Ocyropsis spp. per 1000 m3 could consume 0.56% of the standing stock
per day (Table 3). Estimates of copepod carbon content from Kremer (1986b), average copepod
biomass from gut content data, and predation rate were used to calculate that high-end densities
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of Ocyropsis spp. could consume approximately 19.21 mg/C/d-1 while low-end densities could
consume 0.27 mg/C/d-1 (Table 3).
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DISCUSSION
While previous studies have made some qualitative observations for feeding in oceanic
ctenophores, including Ocyropsis spp., detailed quantitative data on this widespread animal is
lacking. This project focuses on Ocyropsis spp. and provides a more detailed description of their
feeding mechanisms, an in-depth examination of their feeding abilities, and a method for
quantifying their trophic interactions in global oceanic waters. Through in situ filming of
Ocyropsis spp., observations from previous studies were confirmed (Matsumoto and Harbison
1993; Haddock 2007) whereby this animal uses a unique capture mechanism among lobate
ctenophores: direct transfer from lobe to mouth and interactions involving “chasing” copepod
prey that are not immediately immobilized on the oral lobes (Figure 3).
Previous qualitative studies described Ocyropsis spp. feeding as ‘extremely rapid’
(Matsumoto and Harbison 1993), and handling time measurements, overall success rate, capture
success rate, and displacement and speed of the prey and mouth have now quantified this rapid
mechanism. Ocyropsis spp. observed in this study were able to counter the rapid, sporadic
movements of their copepod prey because the prehensile mouth was dexterous enough to move
as much as the prey (Figure 3, 4). This is shown by the significant linear relationship between
total mouth and copepod displacement in single copepod interactions. Common copepod species
like Acartia are capable of moving at speeds of up to 500 mm s-1 (Buskey et al. 2002), but the
oral lobes cut off escape paths and restrict movement of prey, which often involves contraction
of the lobes. In single copepod interactions, copepods trapped within the lobes were slowed to an
average speed of 7.94 mm s-1 (S.D. 7.25), to which the average mouth speed (5.83 mm s-1 (S.D.
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1.68)) is comparable (Table 1). Not only were their mouths able to keep up with prey, but they
were also sufficiently flexible and versatile to be as effective with multiple prey as they are with
one prey at a time because no significant difference in overall capture success between single
and multiple copepod interactions was observed (Table 1). The unusual prehensile mouth of
Ocyropsis spp. allows them to be highly efficient predators without the feeding mechanisms seen
in other lobate species.
The feeding sequence of other lobate ctenophores involves capture of prey in sticky
colloblast cells and retraction of tentillae and/or ciliary transport of prey to the mouth (Greene et
al. 1986; Matsumoto and Harbison 1993; Costello et al. 1999). These feeding mechanisms result
in a range of handling times of 2.5 seconds for B. infundibulum (Sørnes and Aksnes 2004) to
1315 seconds for P. bachei (Greene et al. 1986) and overall capture success rates of 74% for M.
leidyi (Costello et al. 1999). Individuals observed in this study had mean handling times over an
order of magnitude faster, at 6.34 (S.D. 4.49) and 16.44 (S.D. 9.37) seconds in single and
multiple copepod interactions, respectively and overall capture success rates (single copepod
interactions: 71.4% (S.D. 45.8), multiple copepod interactions: 80.9% (S.D. 40.2)) comparable to
those of other lobates (Table 1). Thus, Ocyropsis spp. is more efficient at feeding than other
lobate ctenophores because they have similar capture success and shorter handling times,
especially when encountering a single prey item which is the most likely scenario in nature based
on in situ video observations (Figure 3, 4). Additionally, encounter rates of planktivores are
directly related to the time spent searching for prey and time spent handling prey (Greene et al.
1986), so the relatively short handling time of Ocyropsis spp. and their direct feeding mechanism
could allow them to sample more water and encounter a larger proportion of the available prey
population than other species.
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The presence of multiple prey have the potential to disrupt a raptorial type feeder such as
Ocyropsis spp. more so than other lobates due to the fact that they do not have sticky tentillae to
aid in capture of multiple prey simultaneously, but instead transfer one prey at a time directly
from lobe to mouth (Greene et al. 1986; Matsumoto and Harbison 1993; Costello et al. 1999).
This is supported by the findings that individuals observed in multiple copepod interactions
caught 0 copepods on the first attempt, whereas individuals had a significantly higher capture
success rate on the first attempt of 60.9% in single copepod interactions (Figure 6A, 4A, Table
1). However, the overall success rate in multiple copepod interactions was not significantly
different from single copepod interactions (Table 1). The latter result suggests Ocyropsis spp.
can maintain high overall capture success when presented with multiple simultaneous prey by
making more attempts and thus extending handling time of prey once between the lobes (Figure
6, 7). It is interesting to note that the increase in handling time required to maintain a high overall
predation success rate is still lower than the handling time for most other lobates (Greene et al.
1986; Sørnes and Aksnes 2004). It is not clear how often Ocyropsis spp. need to deal with
multiple copepods simultaneously in nature, as oceanic waters contain characteristically low prey
densities compared to coastal zones (e.g. Harbison et al., 1978; Harbison and Miller, 1986),
however it appears that the prey capture mechanism of Ocyropsis spp. would still be able to
operate effectively if and when high density patches are encountered by adjusting the number of
attempts before aborting the predation attempt.
In order to estimate the overall trophic impact of Ocyropsis spp., in situ feeding dynamics
needed to be characterized as well. Many planktivorous species exhibit higher gut fullness at
night (Purcell 1981; Sullivan 2014). This is due to higher available prey densities in surface
waters as a result of a diel vertical migration (DVM), a phenomena in which many species of
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plankton migrate upwards in the water column at night to feed and digest in warmer
temperatures without risking predation from visual predators (Hutchinson 1967; Haney 1998). In
situ gut content images showed that Ocyropsis spp. had a significantly higher gut fullness at
night (night: 12.4% (S.D. 15.7), day: 4.21% (S.D. 2.79)) (Figure 8). Ocyropsis spp. had higher
numbers of prey per individual gut at night, but overall biomass was not different between night
and day (Figure 8). This can be explained by differences in prey characteristics; prey observed in
the gut during the day were significantly larger (Table 2). Ocyropsis spp. may be able to feed
more selectively during the day because prey densities are lower, or perhaps larger copepod
species that migrate upwards at night do not migrate to the top 3-15 m where Ocyropsis spp. are
present. Since Ocyropsis spp. does not depend on visual cues to feed, the latter explanation is
more likely, and this is supported by the data since more, smaller prey were present in guts at
night (Table 2). The estimated average sizes of prey found in guts during the day and at night
align with proportions of small and large copepod taxa from the net tow data (Figure 8B, Table
2). However, it is also possible that the depth at which tows in this study were taken did not
accurately represent the copepod species richness or abundance present at depths in which
Ocyropsis spp. were found and collected.
Ocyropsis spp. had an average digestion time of 44 minutes which is faster than many, but
not all, gelatinous zooplankton seen throughout the literature (Båmstedt 1998; Lo and Chen 2008;
Purcell 2009; Granhag et al. 2011; Båmstedt and Martinussen 2015). Digestion times of other
gelatinous taxa span a range of times from 15 minutes to over 7 hours in in 20⁰ C (Granhag et al.
2011) and are impacted by size and number of prey per gut as well as temperature (Båmstedt 1998;
Lo and Chen 2008; Purcell 2009; Granhag et al. 2011; Båmstedt and Martinussen 2015). Digestion
observations were performed at an ambient room temperature of 25⁰ C and thus, these numbers
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represent a conservative estimate because the temperature of the water from which the animals
were collected was 26.7-27.4⁰ C. Ocyropsis spp., like all poikilotherms, most likely experience an
increase in digestion rate with increased temperature.
Digestion time was not affected by the number of prey in the gut nor by ctenophore body
length for Ocyropsis spp. This differs from trends seen in other gelatinous taxa, such as A. aurita,
M. leidyi, and B. infundibulum, where increasing body size resulted in faster digestion time (Lo
and Chen 2008; Granhag et al. 2011) and where increasing number of prey in the gut leads to
longer digestion times (Lo and Chen 2008; Granhag et al. 2011; Båmstedt and Martinussen 2015).
In this study, ctenophores were offered only a few copepods to ingest, thus it is likely they were
not fed enough prey to slow digestion. A metabolic study of several oceanic ctenophores found
that the metabolic rate of O. crystallina is not affected by body size (Kremer et al. 1986a). Though
metabolic rates were not measured, this aligns with the finding that body size had no significant
effect on digestion time. Analysis of in situ gut contents showed a significant positive logarithmic
relationship between ctenophore length and total prey biomass per gut (Figure 9). Individuals
smaller than 20 mm in this study typically had fewer than the average number of copepods per gut
(19), and larger individuals were the main driver of this relationship. This means that Ocyropsis
spp. cannot consume as much biomass and thus do not have as large of an impact until they reach
sizes larger than 20 mm. Volume of gelatinous predators is known to directly affect encounter
rates (Greene et al. 1986), so as Ocyropsis spp. grow in length and volume, they encounter
proportionally more water, and thus more prey, which allows larger individuals to consume more
biomass.
This study estimated that at the high end of natural densities (1000 Ocyropsis spp. per 1000
m3), this species could potentially consume 40.2% of the daily copepod standing stock, assuming
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a high end copepod densities and continuous digestion time over 24 hours (Table 3). However, at
the low end of natural densities (14 Ocyropsis spp. per 1000 m3), Ocyropsis spp. populations could
consume less than 1% of the daily standing stock (Table 3). Alldredge (1948) estimated that all
species of gelatinous zooplankton together typically consume less than 10%, but occasionally more
than 50%, of prey standing stock each day. At high densities, Ocyropsis spp. alone appears capable
of coming close to Alldredge’s high-end estimate, but at lower densities, Ocyropsis spp. would
better fit in to Alldredge’s comprehensive range. Though high densities of Ocyropsis spp. have
been observed, the low end estimate from this study is likely more accurate because they are more
commonly observed at densities between 0 and 40 individuals per 1000 m3 (Harbison et al. 1978;
Matsumoto and Harbison 1993). Compared to Ocyropsis spp., only coastal gelatinous taxa such
as M. leidyi, P. pileus, and C. quinquecirrha are capable of consuming a higher proportion of the
standing stock than this high end density estimate (Purcell 1992; Gibbons et al. 2003; Condon and
Steinberg 2008).
It is important to note that copepods have a complicated life history requiring days to weeks
for many developmental stages (Johnson and Allen 2005). A predation rate of 40% could deplete
oceanic copepod stocks in a short period of time. Because copepod populations persist, we can
further assume that lower densities of Ocyropsis spp. are more common than higher densities, and
that grazing is not uniform across patches. Patchiness of epipelagic communities and vertical
migration allow copepods and other zooplankton some refuge, but perhaps some copepod species
may accumulate at depths above and below where Ocyropsis spp. are typically found (3-15 m) to
avoid predation. Though it was not possible to measure the actual predation effect of Ocyropsis
spp. in situ based on these data, the range in predation effect estimates (0.56-40%) from low to
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high densities of these predators suggests that they have the potential to impact open ocean
environments in a strong manner, but it is more likely that they do not.
Estimates of copepod carbon composition from Kremer (1986b) and predation rates from
this study were used to estimate that Ocyropsis spp. may consume 0.27 to 19.21 mg C day-1 ind-1
(Table 3), while Kremer (1986a) estimates that O. crystallina require only 0.63 mg C day-1 to
meet metabolic needs. Ocyropsis spp. observed in this study, on the western edge of the Gulf
Stream, are clearly capable of meeting more than their basic energy demands at high densities,
but they are most likely still meeting those demands at more common mid to low densities.
Natural physical factors such as oceanic fronts, eddies, turbulence, pressure, light
attenuation, and viscosity (Daly and Smith 1993; Graham et al. 2001) cause patchiness of
oceanic zooplankton populations. Copepod densities in oceanic waters off the eastern Florida
shelf range from 1,600 to 160,000 individuals per 1,000 m3 (Bostock, 2010; Ortner et al., 1981,
Table 2). This differs greatly from the prey densities available to M. leidyi, which are found in
eutrophic coastal areas such as the York River Estuary in Chesapeake Bay, with copepod
densities as high as 5,000 individuals per m3 (Condon and Steinberg 2008). Invasion of the
Black Sea and other water bodies in the Mediterranean basin and Middle East by M. leidyi led to
numerous examples of their competitive abilities (Shiganova 1998; Ivanov et al. 2000;
Shiganova et al. 2001; Darvishi et al. 2004; Javidpour et al. 2009). For example, success of M.
leidyi populations in the Black Sea in the 1990s led to decreased biomass of other established
gelatinous predators A. aurelia and P. pileus and complete collapse of inshore A. aurita
populations (Shiganova et al. 2001). Ocyropsis spp. are also likely competing with other copepod
predators in their oceanic habitats. Small blue marlin and sailfish larvae have been found with a
majority of Corycaeus copepods in their guts (Sponaugle et al. 2010). Corycaeus were one of the
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most abundant copepods in the plankton tows, so there could potentially be competition between
pelagic fish larvae and Ocyropsis spp. in the same vicinity. Other predators that may compete
with Ocyropsis spp. for zooplankton are tuna (Jenkins and Davis 1990) and other gelatinous
zooplankton such as Bolinopsis, Cestum, and Eurhamphaea (Matsumoto and Harbison 1993).
Grazers such as salps produce dense fecal pellets that sink and export carbon and nitrogen
from surface waters (Madin 1982). Ctenophores, however, do not produce fecal pellets, so their
waste is recycled in surface waters for further use by producers. Organic carbon from
ctenophores is either transferred to higher trophic levels in the epipelagic food web or deposited
to the seafloor in jelly falls (Lebrato et al. 2019; Luo et al. 2020). By these means, ctenophores
may play an important role in the global biological pump (Lebrato et al. 2019). Since Ocyropsis
spp. can be found at densities exceeding 1,000 individuals per 1,000 m3, they may have the
potential to remineralize nutrients in surface waters, while feeding and growing. They may also
export carbon in large-scale jelly falls. However, it is important to note that though many
individuals may be involved in jelly falls, their carbon content is relatively low (1.18%) (Kremer
et al. 1986a) because they are made of approximately 95% water (Clarke et al. 1992; Ju et al.
2004). Gelatinous zooplankton are additionally an important food source for fishes. Briz et al.
(2017) found that 39 of 107 oceanic fish species were consumers of gelatinous zooplankton, and
members of suborder Stromateoidei were found to consume gelatinous zooplankton as their main
nutrition source. Thus, Ocyropsis spp. may provide an important link between phytoplankton,
zooplankton, and the rest of the epipelagic food web, as well as contribute to global oceanic
cycling of carbon.
Improving the understanding of predator-prey interactions of an abundant oceanic
ctenophore, Ocyropsis spp., has led to a more complete understanding of trophic interactions and
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impacts this animal has on oceanic planktonic ecosystems. The novel in situ methods utilized in
this research allowed us to incorporate the ecological role of Ocyropsis spp. into the
understanding of oceanic planktonic communities, and this work suggest that that moderate to
high abundances of Ocyropsis spp. are capable of exerting top-down control on copepod
populations. Thus, Ocyropsis spp. may be acting to structure zooplankton communities in ways
few other species can. This research provides an improved understanding of where this
ctenophore fits into the epipelagic food web, but it is only one of many globally distributed
oceanic ctenophore species and further research of other oceanic species using these methods is
necessary to quantify and fully comprehend trophic ecology oceanic ctenophores.
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